This paper describes the visualizations of subjective evaluation for the participation attitude to the Internet of male college students based on visual analog scale (VAS) by employing a small number of subjective evaluation measurement.
Introduction
Studies on the subjective evaluation based on Likert Scale (LS, see Fig.1 (a) ) (1) have been conducted broadly. LS is a simple discrete scale method, but it has some weak points as follows (1) (2) (3) (4) (5) : (1) LS's evaluation often becomes complicated; (2) Sometimes several biases are introduced by the following factors, such as halo effect, leniency effect, and central tendency; and (3) LS's results are discrete data. From these points, it is suggested that there exists unintended bias on LS's results. In order to solve these weak points, Visual Analog Scale (VAS, see Fig.1(b) ) is investigated on the subjective evaluation (6, 7) . VAS is a ratio scale method, it is expected that it can solve the weak points of LS as mentioned above (6, 7) . And it is considered that VAS is more flexible than LS. Therefore, we investigated on the trend of the subjective evaluation based on VAS and LS, existence of unintended bias between LS data and VAS data was discovered (6, 7) .
Moreover, we also investigated on the subjective evaluation based on VAS, such as impression of music (8, 9) , impression received from the response of a communication robot (10) , and so on. From these investigations, it could be able to get the results that are the same with our feelings (8) (9) (10) .
On the other hand, in general, it is necessary to lots of measurements of subjective evaluation based on LS to obtain reliable conclusions.
However, as a health consultation activity, it needs to give an accurate result by a small number of subjective evaluation measurement. To understand these data's distribution and other characteristics, Weissgerber et al. proposes that combination of univariate scatter plot and box-and-whisker plot of them should be drawn (11) .
Therefore, this proposed method (11) is applied for our investigations (8) (9) (10) .
That is, as same as our previous studies (8) (9) (10) , to visualize the experimental results, combination of univariate scatter plot and box-and-whisker plot (11) are also used in this paper. Under such conditions, visualization analysis method with a small number of subjective evaluation measurement based on VAS have been proposed (8) (9) (10) . This method consists of following components: (1) Subjective evaluation measurements based on VAS (values are 0.00-1.00); (2) Calculation of basic statistics; (3) Calculation of a correlation matrix; (4) Drawing of combination of univariate scatter plot and box-and-whisker plot (11) ; (5) Hierarchical clustering analysis by Ward method; and (6) Non-hierarchical clustering analysis by k-means. In this method, relationships and meanings of subjective evaluation values can be analyzed. This fact is consistent with our senses and it is evidence that can be analyzed by a small number of subjective evaluation measurement based on VAS (8) (9) (10) .
Under the above preparation, this paper describes the visualizations of subjective evaluation for the participation attitude to the Internet of male college students based on VAS by a small number.
The remainder of this paper is organized as follows. Section 2 describes the theory of VAS and its visualization analysis. Materials and methods are shown in Section 3. Results and discussion are given in Section 4. Section 5 shows the conclusions and future works.
Theory of Subjective Evaluation Based on VAS and its Visualization

VAS
Recently, VAS has been applied to study on the subjective evaluation such as education (6, 7, 10) , impression of music (8, 9) and so on.
This paper first introduces VAS. Fig.1 (b) shows typical types of VAS's questionnaire. This is to ask the participation attitude to the Internet. To answer Fig. 1 (b) , the response is marked by drawing a vertical line on the horizontal line. An example is shown in Fig.2 .
Calculation of VAS data is shown in Fig.2 . VAS's results are determined by the ratio of (b) to (a) (in other words, it is determined by the position of the mark on the line).
As mentioned above, a value of subjective evaluation (between 0.00 to 1.00) can be obtained.
Visualization of Subjective Evaluation Based on VAS (8-10,11)
By the visualization of values obtained in 2.1, it is possible to know their characteristics. To clarify their characteristics, the analysis is carried out by R environment.
First, the basic statistics and a correlation matrix are calculated, the outlines of distribution and relationships of subjective evaluation values are obtained. Next, combination of univariate scatter plots and box-and-whisker plots (11) are drawing, this is our unique method (8) (9) (10) . Moreover, hierarchical clustering analysis by Under these procedure, relationships and meanings of subjective evaluation values and clustering of participants are understood as the same with our feelings (8) (9) (10) .
Materials and Methods
Participants
19 healthy male college students (age: 18.74±1.21, mean ± standard deviation) were invited as the experiment participants, and their basic properties are summarized in Table 1 . 11 participants' utilization time of their devices is 4 hours or less, on the other hand, 4 participants' utilization time of their devices is 7 hours or more (For references, 18 participants use their cell-phone of modern models, 6 of them also use another device).
Ethical considerations are as follows:
The explanation of this study was given orally, and the documents were distributed to the participants. The participation in this study was voluntary. Furthermore, the data has been collected anonymously, and has been only used for the presentation of this study.
Visualization of Subjective Evaluation Based on VAS
To analyze their subjective evaluation for the participation attitude to the Internet, they are asked to answer the questionnaire on VAS.
All participants were invited to answer questionnaire relating to the sending and reception of messages on the Internet first (see Table 2 , questions from Q1.1 to Q1.7), and then to answer questionnaire relating to the participation attitude to the Internet (see Table 3 , questions from Q2.1 to Q2.10). These questionnaires were extracted by Tsuruta et al.'s factor analysis (12) , their validity and reliability have been confirmed (12) .
Moreover, to clarify their characteristics, the following components are obtained by R environment as mentioned in 2.2 (8) (9) (10) : (1) Calculation of basic statistics; (2) Calculation of a correlation matrix; (3) Drawing of combination of univariate scatter plot and box-and-whisker plots (11) ; (4) Hierarchical clustering analysis by Ward method; and (5) Non-hierarchical clustering analysis by k-means. 
Results and Discussion
Basic Statistics and Correlation Matrix
Table 4 (a) shows the basic statistics of questionnaires relating to the sending and reception of messages based on VAS, from Q1.1 to Q1.7. All maximum values are 0.81 or more, otherwise, all minimum value is 0.00. Therefore, distributions of these values are full range of these scales, and these are found to be large variation. However, other features are not clear.
On the other hand, Table 4 (b) shows the basic statistics from Q2.1 to Q2.10. From Table 4 (b), distributions of Q2.1 to Q2.10 are regarded as full range of these scales, and these are found to be large variation too. And it is observed that medians of Q2.2, Q2.5, Q2.6 and Q2.10 are symmetric and characteristic. However, other features are not clear as same as Table 4 (a).
In addition, the correlation matrix of these question is shown in Table 5 (a). It is found that Q1.1 is moderately related to Q1.3 (r=0.62) and Q1.4 is also moderately related to Q1.5 (r=0.79) from Table 5 (a). And it is found that other correlations are weak.
Moreover, the correlation matrix from Q2.1 to Q2.10 is also shown in Table 5 (b). From Table 5 (b), Q2.1 is moderately related to Q2.2 (r=0.76), and Q2.9 is also moderately related to Q2.10 (r=0.70). And it is found that other correlations are weak as same as Table 5 (a). That is, it is considered that relationships and meanings of subjective evaluation values or personalities of participants are not expressed from these components.
Combination of Univariate Scatter Plots and Box-and-Whisker Plots
To clarify relationships and meanings of Q1.1 to Q1.7, combination of univariate scatter plots and box-and-whisker plots (11) are shown as Fig.3 (a) . These distributions are found to be large variation, it can be observed that distribution of Q1.7's values is characteristic. Most of them are close to 0.00, and all outliers of them are greater than 0.58. This fact is the same with the results and discussion in Section 4.1.
As same as Fig. 3 (a) , to clarify relationships and meanings from Q2.1 to Q2.10, combination of univariate scatter plots and box-and-whisker plots (11) are also shown in Fig.3 (b) . Note that their features of distribution are different from Fig.3 (a) 's distribution. However, these distributions are also found to be large In contrast, relationships and meanings of Q1.1 to Q1.7 and Q2.1 to Q2.10 are not clear. This observation is same as part of our previous studies (8) (9) (10) .
Hierarchical Clustering Analysis by Ward Method and Non-Hierarchical Clustering analysis by k-means
Under above results and discussion, to understand relationships and meanings of subjective evaluation values and clustering of participants as consistent with our feelings (8) (9) (10) , hierarchical clustering analysis by Ward method and non-hierarchical clustering analysis by k-means are carried out. Fig. 4 shows the cluster dendrogram from Q1.1 to Q1.7. It is considered that these are divided into three clusters from Fig.3 (a) and Tsuruta et al.'s factor analysis (12) .
Furthermore, the number of clusters is defined as 3, non-hierarchical clustering analysis by k-means are also carried out. This result is same as in Fig.4 , clustering from Q1.1 to Q1.7 and their meanings (12) are summarized in Table 6 . In this way, relationships and meanings of subjective evaluation values of Q1.1 to Q1.7 are visualized and understood (8) (9) (10) . 5 shows the cluster dendrogram from Q2.1 to Q2.10. It is considered that these are divided into two clusters from Fig.3 (b) and Tsuruta et al.'s factor analysis (12) .
Moreover, the number of clusters is defined as 2, non-hierarchical clustering analysis by k-means are also carried out. This result is same as in Fig.5 , clustering from Q2.1 to Q2.10 and their meanings (12) are summarized in Table 7 . As same as Fig.4 and Table 6 , relationships and meanings of subjective evaluation values of Q2.1 to Q2.10 are also visualized and understood (8) (9) (10) .
As mentioned above, relationships and meanings of subjective evaluation values are visualized and analyzed. This fact is consistent with our senses and it is evidence that can be analyzed by a small number of subjective evaluation measurement based on VAS (8) (9) (10) .
Conclusions
To analyze the relationships and meanings of subjective evaluation, this work carried out the visualizations of subjective evaluation for the participation attitude to the Internet of male college students by a small number of subjective evaluation measurement based on VAS. This method consists of following three procedures: calculation of basic statistics and a correlation matrix; drawing of combination of univariate scatter plots and box-and-whisker plots (11) ; and hierarchical clustering analysis by Ward method and non-hierarchical clustering analysis by k-means. Under these procedures, the relationships and meanings of subjective evaluation are visualized and understood, they are consistent with our feelings and published article (8) (9) (10) 12) .
By the way, in general, it is necessary to use large measurements of subjective evaluation to obtain reliable conclusions. On the other hand, this proposed method is very useful to analyze by a small number of subjective evaluation measurement based on VAS.
To obtain reliable conclusions, applying this method in the future study and conducting more investigation are very important.
Future works are as follows: (1) clustering of participants (2) measurement with larger number of participants, (3) investigation of differences in LS measurement and VAS measurement, and (4) applying this method in another fields.
